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(57) Abstract: To simplify tlie process of preparing micro- 
scope slides, an advanced automatic staining apparatus (100) 
is disclosed. The disclosed automatic staining apparatus (100) 
comprises an electromechanical automatic staining device that 
is coupled to a personal computer system (190) using an inter- 
face card (180). An autostainer control program (170) runs on 
the persona] computer system (190). The autostainer control 
program (170) allows a user to simply program the automatic 
staining apparatus (100) using simple conmiands entered in 
the graphical user interface. The autostainer control program 
(170) includes several features that simplify the programming 
such as safeguards that ensure compatible reagents are being 
used; automatic buffer solution requirement calculator, and the 
ability to determine optimal staining procedure. The electro- 
mechanical automatic staining device includes features such as 
dual waste bins for hazardous and nonhazardous waste storage, 
an automatic dispenser cleansing system; and unique slide clip 
that minimizes capillary effect. 
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WIETHOD AND APPARATUS FOR AUTOMATIC TISSUE STAINING 
Field of the Invention 

The present invention relates to the field of medical lab equipment In particular the 
present invention discloses a fully automated system for staining tissue specimens and cell preparations. 
Background of the Invention 
5 It is often difficult to examine unstained cell and tissue preparations with a microscope 

due to a lack of contrast between individual ceils and the bacl<ground matrix, or between individual parts 
of cells. To improve the contrast, researchers have applied stains to cell and tissue specimens to be 
examined. The stains are absorbed differently by the various structures in cells such that the contrast 
between the different cell structures is improved. 

10 Staining tissue specimens is a nontrivlal time-consuming process. Often a number of 

different staining and rinsing stages are required. Each stage requires a specific amount of reagent or 
buffer and takes a specific amount of time. Thus, trained technicians are often employed to perform 
such operations. Furthemiore, hospitals and laboratories must stain large numbers of tissue specimens. 
Thus, It Is desirable to automate the tissue specimen staining process. By automating the process. 

15 expensive human labor is eliminated and the probability of an error occurring during the staining process 
is reduced. Accordingly, a few manufacturers have Introduced equipment for the automated staining of 
tissue specimens on microscope slides. 

Existing automatic staining devices are not very simple to use. Arcane programming 
commands and complicated procedures require extensive user training before such devices can be 

20 operated effectively. It would therefore be desirable to simplify the operation of an automatic staining 
device. 
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Summarv of the Invention 

The present invention comprises an autonnatic staining apparatus coupled to a personal 
computer system running an operating system with a graphical user interface. The personal computer 
system includes an interface card that is used to control the automatic staining apparatus. An 
5 autostainer control program runs on the personal computer system. The autostainer control program 
allows a user to simply program the automatic staining apparatus using simple commands entered in the 
graphical user Interface. The autostainer control program also Includes a Stat function that allows the 
• user to Interrupt the routine staining of slides In order to prioritize processing of one or more slides that 
require immediate analysis. The Invention simplifies the process of programming an automatic staining 
1 0 apparatus to include staining of stat slides. 

Other objects, features, and advantages of present invention will be apparent from the 
accompanying drawings and detailed description. 
Brief Description of the Drawings 

The objects, features and advantages of the present invention will be apparent to one 
1 5 skilled in the art, in view of the following detailed description in which: 

Figure la illustrates a perspective view of the autostainer 100 apparatus. 

Figure 1 b illustrates a top view of the autostainer 100 apparatus. 

Figure 2 illustrates a cut-away top view of the Internal components of the autostainer 

100 apparatus. 

20 Figure 3a illustrates a top view of a slide rack for the autostainer. 

Figure 3b illustrates a front view of a slide rac{< for the autostainer. 

Figure 3c illustrates a close-up perspective view of a slide raci< for the autostainer. 

Figure 4a Illustrates a side view of the Z head assembly for the autostainer. 

Figure 4b illustrates a front view of the Z head assembly for the autostainer. 
25 Rgure 5a Illustrates a top view of the air nozzle. 

Figure 5b Illustrates a left side external view of the air nozzle and the nozzle lip. 

Figure 5c illustrates a front view of the air nozzle. 

Figure 5d illustrates a right side cutaway view of the air nozzle and the nozzle iip. . 
Figure 5e illustrates a view of the air nozzle tip. 
30 Figure 5f illustrates a bottom view of the air nozzle. 
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Figure 5g illustrates a left side external view of the air nozzle witli the nozzle lip in place. 

Figure 5h illustrates a front view of the air nozzle. 

Figure 6 illustrates the Sign-In Screen of the autostainer control program. 

Figure 7 Illustrates the Options Screen of the autostainer control program. 

Figure 8 illustrates the Initialize Screen of the autostainer control program. 

Figure 9a illustrates. the Program Staining Run Screen of the autostainer control 

Figure 9b illustrates the Program Staining Run Screen with a Print Report dialogue box 

Figure 10 illustrates the Patient information Screen of the autostainer control program. 
Figure 11 illustrates the Protocol Template Design Screen of the autostainer control 

Figure 12 illustrates an Edit Individual Slide Reagent Screen of the autostainer control 

Figure 13 Illustrates the Edit Individual Slide Reagent Screen of Figure 12 with the 



Figure 14 illustrates the Program Staining Run Screen of the autostainer control 
program with an autoprogramming pop-up window displayed. 

Figure 15 Illustrates the Program Staining Run Screen of the autostainer control 
20 program with a Detection Kit list for a selected Detection Kit step. 

Figure 16 illustrates the Program Staining Run Screen of the autostainer contml 
program with an incompatible reagent waming dialogue box. 

Figure 17 Illustrates the Edit Reagent List Screen of the autostainer control program. 

Figure 18 illustrates the Program Staining Run Screen with a Save Current Program 



25 dialogue box. 



Figure 19 illustrates the Slide Layout IVlap Screen of the autostainer control program. 
Figure 20 illustrates the Slide Layout Map Screen of the autostainer control program. 
Figure 21 Illustrates a summary of the scheduling system of the autostainer control 



program. 
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Figures 22a through 22d iist the details of adding a naw group to the Currently 
Scheduled Array. 

Figure 23 illustrates the Run Time Calculation Window and the Run Time Dialogue 
Window of the autostainer control program. 

Figure 24 illustrates the Reagent Layout Map Screen of the autostainer control program. 

Figure 25 Illustrates the Reagent Layout Map Screen of the autostainer control program 
with a reagent list window displayed. 

Figure 26 illustrates the Set Start Time Window of the autostainer control program. 

Figure 27 illustrates the Run Log Screen of the autostainer control program. 

Figure 28 illustrates a program Initiating the Stat function. 

Figure 29 illustrates a Timer l\/lessage for the Stat function. 

Figure 30 illustrates the initial steps in implementing a Stat staining program. 

Figure 31 illustrates additional steps in implementing a Stat staining program. 

Figures 32a-32g illustrates embodiments for programming Stat slides. ^.^^ 
Detaiied Description of the Preferred Embodiment 

A method and apparatus for automatically staining tissue specimens are disclosed. In 
the following description, for purposes of explanation, specific nomenclature is set forth to provide a 
thorough understanding of the present invention. However, it will be apparent to one skilled in the art 
that these specific details are not required in order to practice the present invention. For example, the 
present invention has been described with reference to staining of tissue specimens. However, the 
same techniques can easily be applied to other types of slide preparation worlc. Also as known to one 
skilled In the art, staining includes application of reagents to effect Immunological as well as biochemical 
reactions, and thus is defined broadly. 
The Autostainer Hardware 

Figure 1 a Illustrates a perspective view of the autostainer 100 apparatus of the present 
invention. The autostainer 100 is used for staining tissue specimens that are placed onto glass slides. 
In the embodiment illustrated In Figure la, there are four slide racks 101. 102. 103, and 104. Each slide 
rack is capable of holding twelve slides such that the autostainer 100 of Figure 1a can perform 
operations on forty-eight slides at once. 



wo 03/052386 



PCT/US02/36247 



-5- 

The autostainer 100 of Figure 1a has a robotic delivery system that delivers reagents, 
buffer solutions, and air to the glass slides. The robotic delivery system is controlled by a motion control 
Interface card 180 In a personal computer system 190. The personal computer system 190 runs an 
autostainer control program 170 that sends control commands through the motion control interface 180 
to control the robotic delivery system. 

Figure 1 b illustrates a top view of the autostainer 1 00. Refenring to Figure 1 b, the 
robotic delivery system of the autostainer 100 consists of an X axis mechanism 131. a Y axis mechanism 
133, and a Z head 135. The Z head 135 has a buffer tube for dispensing buffer rinse solution, a blow 
nozzle to blow air onto slides, and a probe for picking up reagents that will be placed onto the glass 
slides. The various reagents are stored in the reagent racks 141 and 142. 

To prevent contamination, the probe Is cleaned In a reagent probe wash bin 150 
between the use of different reagents. The wash bin 150 has three different receptacles that are used In 
three stages. The first hole is used to rinse the inside of the probe by forcing buffer rinse solutbn 
through the inside of the probe and down into a first drain receptacle. The second receptacle Is used to 
clean the outside of the probe by forcing buffer rinse solution through the inside of the probe while the 
probe Is in the tightly confined second receptacle such that the buffer solution Is forced upward on the 
outside of the probe. Finally, the probe Is placed into a third receptacle and air is forced through the 
probe to clean out the buffer rinse solution. 

Beneath the slide racks of the autostainer 100 is a sink assembly 110. The sink 
assembly catches the reagents and buffer rinse solution that drip off the slides. Figure 2 illustrates a 
cut-away top view of the internal components of the autostainer 100 apparatus. As illustrated in Figure 
2, a waste reservoir 210 that sits beneath the sink assembly collects the waste. The waste is pumped 
out of the waste reservoir 210 using a first waste pump 215 or a second waste pump 217. Two different 
waste pumps are used such that one waste pump Is used to remove nonhazardous waste and the other 
waste pump is use to remove hazardous waste. 

Several other components are also located Inside the autostainer. Referring to Figure 2 
a buffer valve 231 and a buffer pump 233 are used to provide buffer rinse solution to the Z head 
assembly. An air compressor 240 is used to provide compressed air to the Z head assembly. An 
electronic controller box 250 stores a set of electronic components including the stepper motor drivers 
for the X, Y, and Z axes. 
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Autostainer Slide Racks 

The slide racks for the autostainer of the present invention have been designed for optimum 
performance. Figure 3a Illustrates a top view of a slide rack that is used in the autostainer. The slide rack 
300 has twelve slide positions 310 such that the slide rack 300 can hold twelve slides. The slides may be 
5 standard U.S. or international sized slides. The slide rack can be earned using the handles 330 on each end 
of the slide rack 300. Figure 3b illustrates a front view of the slide rack 300. 

Figure 3c illustrates a close up view of four slide positions on a slide rack. Each position Is 
shaped to accept a standard U.S. or an intemational sized slide 360. To hold the slide 360 in plaoe, each 
slide position includes a stainless steel spring clip 320. The spring clip 320 is wide enough to accommodate 

10 common bar coding designations. The stainless steel spring clip 320 suspends the slide 360 by the frosted 
region 361 of the slide 360. Since the slide 360 is held only in the frosted region 361 of the slide, the slide 
rack 300 does not interfere with the specimen or any of the applied reagents. Speclficaliy, since there Is no 
contact with the specimen area (the nonfrosted area), there is no capillary effect, observed In prior art 
systems, that draws off the reagent. Each slide position 310 lis separated from the next slide position by a 

1 5 divider 350. The divider 350 prevents reagent or buffer from one slide overflowing onto an adjacent slide. 
Each slide position 310 includes two drain holes 360 for draining excess buffer rinse solution that may reach 
the areas where the slide Is clipped to the slide rack. 
Z Head Assembly 

Referring back to Figure lb the autostainer 100 has a Z head assembly 135 that carries the 
20 buffer dispensing tube, the blow nozzle, and the reagent probe. Figures 4a and 4b illustrate a close-up of 
the Z head assembly. There are two different assemblies that move along the Z axis on the Z head: the 
reagent probe assembly and the air/buffer assembly. 

The reagent probe assembly comprises the reagent probe 411, the reagent ieadscrew nut 
block 417, and the reagent Ieadscrew 419. The reagent probe 411 is Teflon coated. The Teflon coating 
25 protects the stainless steel probe from conrosion and prevents reagent from sticking to the inside and outside 
walls of the probe. The reagent probe 41 1 includes custom circuitry that allows the reagent probe 411 to 
sense liquid levels. Since the reagent probe 411 can sense liquid levels, the probe goes into reagent vials 
only deep enough to obtain the desired amount of reagent By only going deep enough to obtain the desired 
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amount of reagent, the amount of contamination of the outside of reagent probe 411 is Icept to a minimum. 
Furthermore, since the reagent probe 411 can sense liquid levels, it can detemilne if there is enough reagent 
in a vial to complete a staining run. This will be described In greater detail later. 

The air/buffer assembly comprises the buffer tube 421. the air tube 422, the air no2Zle 423, 
the air/buffer leadscrew nut biocl< 427, and the air/buffer leadscrew 429. Since the reagent probe assembly 
and the air/buffer assembly are used independently, both assemblies can be driven by the same stepper 
motor driver 433. The entire Z Head assembly Is constructed in a modular form such that it can be replaced 
as a single unit. 
AutostainerAIr Nozzle 

The air nozzle on the Z head 135 of the autostalner has been designed to uniformly 
distribute air across the surface of a glass slide such that an optimal amount of residual buffer solution 
remains to keep the specimen hydrated. This allows for accurate and consistent staining. Figures 5a 
through 5h illustrate the air nozzle. Figure 5d Illustrates a cut-away side view of the air nozzle. The air 
nozzle has an air shaft 511, a well 513, and a nozzle slit 521. The nozzle slit fornis a nan^w opening when 
the nozzle lip 515 Is coupled to the nozzle. The well 613 disperses the air such that uniform air flow is 
delivered out of the nozzle silt opening. The distribution angle of the nozzle allows the Z head to be narrower 
than prior art systenns. Since Ihe Z head is nanrower, the slides can be grouped closer together such that the 
entire footprint of the autostalner has been reduced. 
Autostalner Control and Proorammlna 

As stated in the previous section, the autostalner 100 is controlled by a personal computer 
system 190. In one embodiment, the personal computer system 190 is a standard IBM compatible personal 
computer system running the Windows 95 operating system. The personal computer system 190 stores an 
autostalner control program 170 that is mn when a user wishes to operate the autostalner 100. 

The autostalner control program 170 is a sophisticated control program that implements 
many security, autoprogramming, control, and logging features. To fully describe the autostalner control 
program 170, this document will step through a sample use of the autostalner 100. 
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Autostalner Control Program Initialization 

When a user first runs the autostalner control program 170, a sign-in screen is displayed as 
illustrated in Figure 6. The user enters a factor/ preloaded user name and password. After the factory 
preloaded user name and password have been entered, an option screen is displayed as illustrated in 
5 Figure 7. 

The option screen displays a set of functions that the user may select such as programming 
the autostalner for a run (Program 710), initiaiizing the autostalner control program (Initialize 720), cleaning 
the autostalner (Clean 730), signing off (Sign Off 740), and displaying help information (Help 750). To 
initialize the autostainer control program 170, the user selects Initialize 720. 

10 After selecting the Initialize 720 button on the options screen, the Initialize screen is 

displayed as illustrated in Figure 8. The initialization screen ailows the user to enter Infonnation about the 
institution that will be using the autostainer in an institution Information area 810. Below the institution 
infonnation area 810 is a staff Information area 820. 

The staff infonnation area 820 allows an entry to be created for each user that will use the 

1 5 autostainer 100. The staff information area 820 allows both doctors and technologists to be entered. Each 
user entry includes a user name, a user password, and a security level. The user name and password ars 
used during the sign in process. The security level is used to limit access to features of the autostainer 
control program. 

Finally, the initialize screen allows a few autostainer operation parameters to be set. In the 
20 embodiment of Figure 8, the parameter area 830 allows the user to specify the default reagent volume 
amount, the default reagent drop zone, and the number of runs allowed between cleanings. 

The default reagent volume specifies the amount of reagent that will be used for all steps in 
any staining protocol. However, the default reagent volume can be ovem'dden by specifically programming a 
different amount, as will be described later. The default reagent drop zone specifies the default location 
25 where reagent will be applied to the slides. The default reagent drop zone can be overridden on the Slide 
layout Map screen of Figures 19 and 20, as will be described later. 



wo 03/052386 



PCT/US02/36247 



-9- 

The number of slides allowed between cleanings specifies how many times ttie autostainer 
may be used between maintenance cleanings. When the specified number of slides have been treated, a 
user will be notified that a cleaning cycle should be run at the Options screen. 
Creatino a Staining Run 

5 To run the autostainer, a user signs in with his or her user name and password, as 

previously described with reference to Figure 6. Then, at the Option screen displayed in Figure 7, the user 
selects the Program button 710. After the selecting the Program button 710, a blank Program Staining Run 
screen is displayed as illustrated In Figure 9a. 

The Program Staining Run screen is the central screen used to program a staining run. The 

10 Program Staining Run screen displays a grid of the steps that will be performed on each slide. The rows of 
the grid list the slides that will be stained. The columns of each row in the grid contain the patient name and 
case number, the doctor name, and all the steps that will be performed on that slide (row). The list of steps 
that will be perfomned on a slide, or gmups of slides, are referred to as a "protocol." 

Several pull-down menus are available on the top of the program staininig run screen, 

1 5 including ""File" and "Edit." The File pull-down menu allows the user to create a new staining run program, 
open an old staining run program, save the current staining run program, and print the cunrent staining run 
program. The Edit pull-down menu displays a list of all the available reagent categories that can be edited. 
To edit a reagent, the user selects the reagent category from the Edit pull-down menu and then an 
appropriate Edit reagent list screen will be displayed. The editing of reagents will be explained later. The 

20 Edit pull-down menu also lists a 'Detection Kit" Item. If the Detection Kit item is selected, then the Detection 
Kit Lot Maintenance screen Is displayed. The Detection Kit Lot IVlaintenance screen allows detection l<its 
consisting of two or more reagents to be created. 

Also available at the top of the program staining run screen is a "Copy" function. One or 
more steps tn a protocol can be selected using the cursor control device, and then the "Copy" function can 

25 be used to copy the steps. The user can then move the cursor to another slide row and "Paste" the steps 
into that slide's protocol. Thus, by cutting and pasting similar steps, the programming time is decreased. 

Beneath the grid of slide and protocol information are six buttons for accessing additional 
programming features. The Slide infomiatlon button 910 moves the userto a Slide Information screen in 
order to enter new or edit existing patient information. The Protocol Template button 920 moves the user to 
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a Protocol Template Design screen, where a new staining protocol template can be created or a stored 
protocol template retrieved. The Next button 930 is selected when the user is satisfied with the 
information in the Program Staining Run screen and wishes to start the staining run. The Print button 
940 request the user to indicate if he or she wants a hard copy printout of the programmed staining grid 
that Is cunrently displayed, or an immunohistochemical report (IHC), as illustrated in Figure 9b. The user 
simply selects the hard copy that Is desired. The Exit button 950 returns the user to the Option screen 
as illustrated in Figure 7. If the program has been changed, the user is presented with the option of 
saving the program. The Help 960 button displays context sensitive help information. 

The general procedure for programming a staining run is as follows: (1) enter the slide 
Information for each slide; (2) select an existing or create a new protocol for staining run; (3) select the 
reagents that will be used In the staining run; and (4) load the slides and reagents and start the run; 
Each step merits its own discussion. 
11 Entering Slide Information 

To enter patient infonmation for a staining run, the user selects the Slide Information 
button 910 from the Program Staining Run screen of Figure 9a. This moves tiie user to the Slide 
Information screen, as illustrated in Figure 10. 

The Slide Infonmation screen has input areas to allow the user to enter a patient name, a 
patient case number, the number of slides for that patient, and the doctor that requested the slides. After 
entering this Infonmation for a first patient, tiie form is cleared and the user can enter Information for a 
next patient The four buttons on the bottom of tiie Patient Information screen are used to perform 
various operations. 

The Delete button 1020 is used to delete a patient entry or case entries. The user can 
delete a patient entry using tiie patient selector an'ow 1011 to select a particular patient name, and then 
click on the Delete button 1020 to delete ttie selected patient entry. The user can delete a particular 
case for a patient entry using the patient selector arrow 101 1 to select a particular patient name, then 
using the case selector arrow 1081 to select a particular case number, and then click on tiie Delete 
button 920 to delete the selected case. 

The Cancel button 1030 allows tiie user to cancel all the entered patient infonmation. 
When a user selects the Canoe! button 1030, tiie user retums to the Program Staining Run screen and 
none of the entered patient information is saved. 
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The Help button 1040 can be selected to receive context sensitive help Information. Thus, 
the Help button 1040 displays help information about the Slide Information Screen. 

After entering all the desired patients, the user selects the Finish Entiy button 101 0 to retum 
to the Program Staining Run screen with the new patient Infonnation displayed. After entering all the patient 
5 information, the next step Is to select an existing or create a new protocol for staining run. Thus, from the 
Program Staining Run screen the user selects the Protocol Template button 920. 
2) Creating A New Qr Acgggsing An E?^j9tipq Protoopl Template 

To select a protocol template for a staining run, the user selects the Protocol Template 
button 920 from the Program Staining Run screen. This moves the user to the Protocol Template Design 
1 0 screen as illustrated in Figure 1 1 . 

The Protocol Template Design screen of Figure 11 is divided into two vertical columns. The 
left column Is the Protocol Element column 1110. The Protocol Elemient column 1110 lists the various steps 
that can be used to create a protocol. The right column is the Protocol Outline column 1 120. The Protocol 
Outline column 1120 lists the steps that have been selected for the current protocol. 
1 5 The Protocol Template Design screen enables the user to create staining protocol templates 

to be used in the staining runs. Protocol templates can be created and stored for future use. To create a 
protocol template, the user selects protocol steps from the Protocol Element column 1110 and moves them 
to the Protocol Outline column 1120. 

The available protocol steps include: Endogenous Enzyme Block, Protein Block, Primary 
20 Antibody (and Pretreatment), Detection Kit, Secondary Reagent, Tertiary Reagent, Labeled Polymer, 

Substrate-Batch, Substrate, Auxiliary, Switch, and Rinse Buffer. The specific reagents used during reagent 
steps are assigned to each slide from the Program Staining Run screen, as will be described in the next 
section. 

The Rinse Buffer step should be programmed between all protocol template steps to 
25 remove reagents from the slides between the staining run steps. The default Rinse Buffer step can be 
replaced by a blow step by clicking on the Rinse Buffer step droplet icon on the Program Staining Run 
screen with the right mouse button. This replaces the droplet icon with a wind icon, indicating a blow step. 
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The Substrate-Batch Protocol step allows the use of unstable substrates that need to be 
prepared Immediately prior to application. The Substrate-Batch Protocol step splits the staining run into two 
phases: a first phase prior to the application of the unstable substrate, and a second phase batching all the 
steps starting with the unstable substrate application. The autostainer will stop aften all the steps in the first 
5 phase and beep to Indicate that the substrate should be prepared. The user then prepares the substrate 
and toads it into a designated position In the reagent rack. After the user has placed the unstable substrate 
into the designated position in the reagent rack, the user prompts the autostainer to continue the staining 
run. 

The Switch step allows a user to indicate the switching of waste from one container to 

10 another. The Switch step Is primarily used to separate hazardous waste from nonhazardous waste. A 
protocol template containing a Switch step switches from the primary (nonhazardous) waste system to a 
secondary (hazardous) waste system. On the Program Staining Run screen, the first Switch step will be 
displayed as a skull and crossbones to indicate a switch to the secondary (hazardous) waste system. The 
next Switch step will be displayed as a flower icon to indicate a switch to the primary (nonhazanjous) waste 

15 system. Accordingly, subsequent switch steps alternate between the secondary (hazardous) waste system 
and the primary (nonhazardous) waste system. Switch steps must always be preceded by a rinse step. 

As illustrated In Figure 11, the Protocol Template Design screen has tiie Ibllowing function 
buttons: New Template 1140, Get Template 1145, Use Template 1160, Delete 1130, Reagent Volume 1123. 
Save 1150, Cancel 1170, and Help 1180. The New Template 1140 button clears the Protocol Outline 

20 column 1120 such that a new template may be created. The Get Template 1 145 button displays a file 
requester box such that an existing template may be fetched. The Use Template 1160 button installs the 
protocol template displayed in the Protocol Outline column 1120 and returns to the Program Staining Run 
screen. Delete 1130 deletes a highlighted step from the Protocol Outline column 1120. The Reagent 
Volume 1 123 button assigns a reagent dispense volume to a highlighted step (or all the steps if a specific 

25 step is not highlighted) In the Protocol Outline column 1120. The Save 1150 button saves the protocol 
template cunently displayed In the Protocol Outline column 1120 into a file. The Cancel button 1170 allows 
the user to cancel all the entered infonnation and returns the user to the Program Staining Run screen. The 
Help button 1180 can display context sensitive help information. 
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After selecting the Save 1150 button, the Use Template 1160 button, or the Cancel button 
1170, the user Is returned to the Program Staining Run screen. 
Z) Selecting Reagents Used in the Staining Run 

When the user returns to the Program Staining Run screen after selecting a protocol 
5 template, the first reagent step to be programmed will be flashing. There are two different ways of assigning 
reagents to the slides. The first method is to edit the reagents for a slide by selecting the slide. The second 
method is to select a reagent box on the Program Staining Run screen and an appropriate reagent list will be 
displayed such that a reagent niay be selected. 

To edit an Individual slide, a user can select a slide tile and then dick on the "Edit Slide' item 

10 displayed at the top of the reagent list This brings up the Edit Individual Slide Reagent Window. For 

example, Figure 12 illustrates the Edit Individual Slide Reagent Window for the Endogenous Enzyme Block 
of Slide 1 To select a reagent, the user can use the down anrow 1213 in the reagent name field to select the 
desired reagent Figure 13 illustrates how the Edit individual Slide Reagent Window appears after the 
H2O2/N reagent has been selected. 

1 5 Using the Edit individual Slide Reagent Window, slide specific edits can be made. No edits 

made on the Edit individual Slide Reagent Window will affect the reagent file, i-lowever, after the user 
selects the ''OK" button 1210, the user will be asked if he or she wants the same reagent applied to all the 
unprogrammed slides, as Illustrated in Figure 14. If all or most of the slides are undergoing the same 
treatment, the user sliould select the "yes" button 1420 such that the autostainer program fills in the selected 

20 reagent for the same step in the remaining unprogrammed slides. If the majority of the slides have different 
protocols, the user should select the "no" button 1430. The remainder of the reagents for the slide can be 
edited in the same manner. 

The other method of editing reagents Is to select a particular reagent tile from the Program 
Staining Run screen grid. This will bring up an appropriate list of reagents that may be selected. For 

25 example, Figure 16 illustrates a Detection Kit tile for slide 3 highlighted such that an appropriate list of 

Detection Kits is displayed in a pop-up window 1510. The user simply selects the desired Detection Kit ftxsm 
the pop-up window 1510. Note that one of the Detection Kits in the list is "None" so the tile may be cleared. 
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After selecting a reagent, a window will ask the user if the same reagent should be assigned to the remaining 
unprogrammed slides, as explained above. 

The user programs all of the reagent steps using the two methods described above. To 
reduce the work involved, the user can use the "Copy" command from the menu to copy protocol and 
5 reagent information from slides that have already been programmed into unprogrammed slide rows. 

The autostainer of the present invention includes a compatibility check feature to prevent 
incompatible reagents from being used on the same slide. In a present embodiment there are two 
compatibility tests performed, although more can be added In future versions. The first compatibility check 
tests the species reactivity compatibility of the primary antibody and the secondary reagent used. The 
1 0 second compatibility check tests the compatibility rules dictated by the enzyme used in the detection system. 
The following chart summarizes the cun-ent compatibility rules: 

Species Reactivity Compatibility Rules 
First Compatibility Check: Species Compatibility 



Reagent Type 


Description 


Compatibility Code 


Primary Antibody 


All monoclonal primary 
antibodies raised In mouse 
(e.g., mouse anti-human) 


A 


Primary Antibody 


All polyclonal primary antibodies 
raised in rabbit (e.g., rabbit anti- 
mouse IgG) 


B 


Secondary Reagent 


All secondary reagents 
(antibodies) compatible with 
monoclonal antibodies raised in 
mouse (e.g., biotinyiated 
antimouse IgG) 


A 


Secondary Reagent 


All secondary reagents 
(antibodies) reacting with 
polyclonal antibodies raised in 
mbblt (e.g., biotinyiated 
antirabbit IgG) 


B 
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Second Compatibility Clieck: Enzyme System Compatibility 



Reagent Type 


Description 


Compatibility Code 


Endogenous Enzyme 
Block 


HRP-compatible 


. X 


Endogenous Enzyme 
Block 


AP-compatible 


Y 


Tertiary Reagent 


HRP-iabeied streptavidin 


X 


Tertiary Reagent 


AP-labeled streptavidin 


Y 


Substrate 


HRP-compatible substrates (i.e. 
DAB. AEC) 


X 


Substrate 


AP-compatibie substrates (i.e. 
Fast Red, New Fuchsin) 


Y 



When a user attempts to enter a reagent that is incompatible with a previously selected 
reagent, the Incompatible Reagent Waming Box is displayed, as illustrated in Figure 16. The Incompatible 
Reagent Warning Box asks the user if the incompatible reagent should be used. If the user selects "no" then 
an incompatible reagent is erased. If the user selects "yes", then the incompatible reagent remains. 

.15 To edit the actual reagents that are available for use, the user selects a reagent type from 

the Edit pulklown menu on the Program Staining Run screen. The Edit puil-down menu displays the 
following reagents that can have their parameters modified: Endogenous Enzyme Block, Protein Block, 
Primary Antibody, Pretreatment, Secondary Reagent, Tertiary Reagent, Labeled Polymer, Substrate, and 
Auxiliary. When the reagent type Is selected, such as the Primary Antibody reagent, tiie user is moved to the 

20 Edit Reagent List screen, as Illustrated In Figure 17. 

At the top of the Edit Reagent List screen is a title 1710 that lists the type of reagent that can 
be displayed. In the example of Figure 17, the Collagen IV antibody of the Primary Antibody type of reagent 
is displayed. The remainder of the Edit Reagent List screen displays the relevant information for the 
particular reagent that is on the screen. The information includes: the reagent long name 1720, the reagent 

25 short (1 0 character) name 1730, a lot number 1740, an expiration date 1745, a compatibility code 1750, and 
an incubation time 1760. To edit the information, the user simply types in the desired field, in the particular 
case of the Primary Antibody reagent, the infomiation about the conrespondlng pretreatment Is also 
displayed Including the pretreatment name 1781, the pretreatment short (10 character) name 1783, and tiie 
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incubation time 1785. The information about the conBsponding pretreatment can also be edited by typing in 
the desired field. 

To select a different reagent of the type of reagent listed in the title 1710. the user uses the 
name selector arrow 1721 or moves the cursor to the reagent long name field and presses the down annow 
5 key until the desired reagent is displayed. The user then hits Enter to obtain the information about that 
particular reagent. To delete the reagent that is cunfently displayed, the user can select the Delete button 
1795 at the bottom of the screen. 

To return to the Program Staining Run screen, the user selects the OK button 1791. To 
return to the Program Staining Run screen without saving the changes that have been entered the user can 
10 select the Cancel button 1793. Context sensitive help is available by pressing the Help button 1797. 
4^ Loading Reagents Used in the Staining Run 

- Once all the patient information has been entered, the desired slide protocols have been set 
up, and the desired reagents have been selected, the autostalner is ready to be operated. Thus, the user 
must physically load the slides and reagents. These steps will be described In the next section. 
15 Autostalner Operation 

After the patient infonnatton, the slide protocols, and the desired reagents have been 
entered, the Program Staining Run screen grid will appear as it does in Figure 18. To begin the staining 
operation, the user selects the Next button at the bottom of the Program Staining Run screen. Tlie 
autostalner program will ask the user if the staining run program should be saved, as illustrated in Figure 18. 
20 After saving (or not saving) the programmed infonnation, the user Is moved to the Slide Layout Map screen, 
as illustrated In Figure 19. 

The Slide Layout Map screen displays a grid of all 48 slides. Each slide is identified with the 
slide number, the primary antibody abbreviation, the primary antibody volume^ and tfie case number. 

Each slide a|so has a designation of where the reagent will be dispensed onto the slide. 
25 The non-frosted zone of each slide is. divided into three dispense zones. The default dispense location is set 
on the Initialization screen of Figure 8. To change the dispense location for all the slides, the user can 
select any of the three zones on an "All Slides" Icon 1910 In the upper left-hand comer. By toggling a zone of 
the "All Slides" Icon 1910, all the slides on the Slide Layout Map screen are affected. Furthermore, the 
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dispense location for individual slides can be set by toggling the three sections of the Individual slide 
representation. Figure 20 illustrates the Slide Layout Map screen after the top third of the "All Slides'" icon 
1910 has been toggled and several Individual slides have been toggled. 

The Slide Layout Map screen allows the user to make a final check of the staining run. If 
5 the user is not satisfied, the user can select the Cancel button 1930 to return to the Program Staining Run 
screen. The user can select the Print button 1940 to print the Slide Layout Map screen. The Help button 
1950 displays context sensitive help infonnation. 

If the user is satisfied with the contents of the Slide Layout Map screen, then the user must 
load the slides into the autostainer as specified on the Slide Layout Map. After the user has loaded the 
10 slides, the user selects the OK button 1920 to proceed. After tiie user selects the OK button 1920 on the 
Slide Layout Map screen, the autostainer control program proceeds to calculate the most efficient dispensing 
pattern for performing the desired slide protocols. 

Figure 21 illustrates a summary of how the autostainer control program calculates the most 
efficient dispensing pattern. Referring to Figure 21, at step 2105 the control program first groups together 
15 the slides in each step that have the same reagents and same incubation times. The same protocol 

scheduling number is assigned to groups witli the same incubation time. An array Is created for each group 
that contains an action time (the amount of time required to pick up and dispense reagents), a fixed time (the 
incubation time that follows the action time), and a variable time (10% of the fixed time) for each protocol 
step. 

20 At step 2110. a first group Is selected as the "Cunrentty Scheduled Array (CSA)." The 

control program then adds additional groups to the Gunnently Scheduled Anray. At step 2115 an unscheduled 
group is selected. Next, at step 2120, the selected group is fitted into the Cunnently Scheduled Anciy by 
adding to the action times within the fixed and variable times. Figures 22a tiirough 22d Illustrate in detail 
how a group is added to a Cunnently Scheduled Array. 

25 Step 2125 tests If the group fits into the Cun-ently Scheduled Array. If it did not fit, the 

control program proceeds to step 2135 where it sees if it has tried to fit ail the groups in the Currently 
Scheduled Array. If it has not tried to fit all the groups in yet. then it moves to step 2140 where another 
group is selected, and then back to step 2120 where it tries to fit that group in. If all groups have been tried, 
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then the control program moves to step 2150 where it moves to the next stage in the Cumently Scheduled 
Array and then back to step 2120 where it tries to fit that group in. 

Refening back to step 2126 when a group fits Into the schedule, the control program then 
tests if all the groups have been scheduled. If all the groups have not been scheduled then the control 
5 program proceeds back to step 2115 to schedule another unscheduled group, if all the groups have been 
scheduled) then the process is done. 

While the autostainer control program calculates, the control program displays the number 
of tries and the best time in a Run Time Calculation screen, as illustrated in Figure 23. When the 
autostainer control program is finished calculating the most efficient dispensing pattern, then a Run Time 
10 dialogue window is 2320 displayed. The Run Time dialogue window 2320 lists how long the staining run will 
take, how many times the probe will be washed, and how much buffer solution will be required for the 
staining run. The user clicks "OK" to proceed to the Reagent Layout Map screen. 

Figure 24 illustrates the Reagent Layout Map screen of the autostainer control program. 
The Reagent Layout Map screen graphically displays a map of how the reagents should be loaded Into the 
15 thirty-two vi^l reagent rack. Each vial is displayed with an alphanumeric rack position, the abbreviated 
reagent name, and the amount of reagent that Is required. 

The Reagent 1-ayout Map screen includes several function buttons. When the user selects 
the Reagent List button 2410, the reagent list appears as depicted In Figure 25 and displays a detailed 
listing of the reagents used in the cunrent staining run. Referring back to Figure 24, the Prime Pump button 
20 2430 primes the pump by allowing buffer solution to flow out of the wash head. The Cancel button 2470 
cancels the current staining run and returns to the Program Staining Run screen. The Slide Map button 
2420 returns to the previous Slide Layout Map screen. The Print button 2460 prints out the reagent layout 
map. The Second Rack button 2440 displays a second rack of the reagents. The Second Rack button 2440 
only appears if there are so many reagents required In the current staining run that a second reagent rack is 
25 required. The OK button 2450 starts the current staining mn. The user selects the OK button 2450 only 
after all the required reagents have been loaded into the reagent rack. 

After selecting the OK button on the Reagent Layout Map screen, the autostainer displays a 
Set Start Time Window as illustrated in Figure 26. The Set Start Time Window allows the user to select 
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when the autostainer will begin the staining run. If the user selects a large delay, the autostainer control 
program will request additional buffer solution to keep the slides moist. When the user selects the Start 
button 2610, the autostainer control program begins the staining run. At this point the Run Log screen of 
Figure 27 Is displayed on the Control Program screen. The Run Log screen displays a detailed information 
5 log of the steps being performed along with a time stamp for each step. The Run Log screen displays the 
start time, the cun^nt time, and the projected finish time. To keep track of the current staining run, the Run 
Log screen displays the elapsed time, the projected remaining time, and the projected total run time. 

The cun^ent staining run can be paused by selecting the "Emergency Stop" button 2710 the 
Run Log screen. This will cause an "Are You Sure" dialogue window 2715 to be displayed. The dialogue 
1 0 window 2715 allows the current staining mn to be resumed or aborted. 

During the staining run, each slide is processed exactly as the protocol has been 
programmed for that slide. To avoid contamination, the autostainer head moves in between the reagent 
vials and glass slides after reagent has been picked up. 

As stated earlier, the reagent probe Includes custom circuitry that allows the probe to sense 
1 5 liquid levels. During a staining operation, this feature is used to detennlne If there Is enough reagent When 
there Is not enough reagent to complete a staining run, the autostainer control program stops and a dialogue 
window appears whk:h informs the user about the problem. If the user responds to the dialogue window, 
then the autostainer control program will move the Z head assembly out of the way and will display a 
Reagent Layout Map screen showing the type, amount, and location of the reagent to be added. This allows 
20 the user to correct the problem. If the user does not respond within a minute, then the autostainer control 
program will use what reagent is available and continue operation. The autostainer control program will 
soon again stop and warn the user of the Jnsuf^clent reagent. Again, If there is no response from the user, 
the autostainer control program will continue the staining run without the needed reagent When there is 
insufflcient reagent to satisfy the immediate need, the autostainer control program will skip the slides that 
25 need the missing reagent and note that in the mn log. 

While the autostainer control program Is performing the staining run, the personal computer 
can be used to run other programs as long as the autostainer control program is being executed on a 
multitasking operating system such as Windows(S> 95 from Microsoft® Corporation of Redmond, 
Washington. In one embodiment, separate functions are used to program a staining run and to run a 
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staining mn. Thus, while the staining run execution program Is running, a user can execute the staining run 
programming function in order to program future staining runs. 

After the staining run has completed, an "End Program Run" dialog box will be displayed 
and the computer will beep occasionally. At this point the user can print out a full copy of the program run 
5 log such that an Immunohistochemical Report can be created. The ain Infonrnation for any particular slide 
can be later recalled and used in conjunction with images of the stained slide captured with a CCD camera. 
Thus, a complete history of each slide will be available for analysis and diagnosis. 
Stat Function 

The Stat slide function of the autostainer allows the user to inten^upt in-process staining of 
10 slides in order to initiate and stain one or more additional slides containing specimens that require immediate 
(Stat) analysis, as disclosed in co^pendlng patent application Serial No. 09/483,248. which is expressly 
incorporated by reference herein in its entirety. The overall process of programming Stat slides in an in- 
progress staining run is schematically shown in FIG 28. During the staining run, the Increment Run 
Schedule Index, which refers to a counter that keeps track of which element in an aray of pointers is the 
1 5 current pointer, is constantiy updated. Each pointer points to another type of anay containing pointers to link 
lists of actions that the instrument must perform in order to stain the slides. Incrementing the Run Schedule 
Index prepares the program to start processing tiie steps for the next sub-schedule and/or the addition of a 
slide or slide groups. This enables a user to determine if tiie schedule is intenruptlble when the user selects 
tiie Stat slide function. 

20 In reference to FIG. 29. if tiie staining program that was already in progress when ttie Stat 

function was selected had also enabled the Stat function, the previous Stat function Is disabled and the "New 
Program" and "Review Program" functions are enabled. If Uie Stat function had not been previously 
enabled, the "New Program" and "Review Program" functions are disabled. Upon initiation of the Stat 
function, the "Stat Slides" button displays the time remaining before the current program, in progress, can be 

25 inten-upted and processing of the new Stat slides can be initiated. 

FIG. 30 shows the "Timer Message" routine, which Is displayed when the Stat function is 
enabled. This routine calculates the time until the next Intenruption point, converts it to hours and minutes, 
and displays It on the "Stat Slides" button. Otiier times are then subsequentiy updated, including the length 
of time ttiat the staining run has been in process, tiie length of time until the cunrent run Is finished, tiie 
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beginning, projected completion, and total staining run time, and the current time. When both of the 
functions in FIGS. 29 and 30 are completed, the program returns to the routine in FIG. 28. When all the 
slides are in rinse buffer the user sees the prompt "Ready For Stat Slides", and must select whether he or 
she wishes to Interrupt the current program to include the stat slides. 
5 . If the user selects "NO", or ten minutes elapsa with no user response, staining of the 

pending slides continues. If the user selects "YES", the program then hides the Run Log and displays the 
Main Programming grid. The user can then begin programming the stat slides, following a programming 
procedure as previously described (Creating a Staining Run). The programming procedure Includes 
functions of defining protocol templates and methods, changing reagent dispensing locations and volumes, 

10 and adding new reagents. 

When the user has finished programming the added slides, the program then initiates 
several routines to group the pending and added slides according to identical or aligned protocols, and then 
schedules the Stat slides for the staining run. These routines are schematically Illustrated In FIGS, 31 and 
32A through 32G, with an option whether to complete processing of the Stat slides before, or concurrently 

15 with, the pending slides. 

If Stat slides are added to the schedule, the program is restarted (Disable Delayed Start) 
and returns to the Begin Staining Run routine, shown at 1 A in FIG. 28. If Stat slides are not added to the 
schedule, the program returns to the original schedule and continues staining slides from the point at which 
it was previously Interrupted. 

20 With reference to FIG. 31, beginning at 2B, the main grid is displayed and accepts 

programming for groups of slides, as previously described (Creating a Staining Run), if the programming 
that has been selected is compatible with the cun'ent protocol, now Intenupted, the program Inquires whether 
the user wishes to complete the Stat slides first by displaying "Finish Stat Slides First?" or another similar 
query. If the user wishes to complete staining of Stat slides first, or if the protocols are not compatible with 

25 any of the current protocols, the program then adds null steps, both before any cunrently pending groups and 
after the newly added Stat slide treatment steps, to allow the Stat slide groups to be completed before any 
other slide groups. If the user does not wish to complete the Stat slide groups first the Stat slide groups are 
merged with the cunient slide groups In a combined program, to stain both the pending slide groups and the 



wo 03/052386 



PCT/US02/36247 



-22- 

Stat slide groups. The program then schedules the staining run, shows the assignment of reagents for the 
run reusing the reagents racks for vial assignments, and returns to the routine shown in FIG. 28 at 2B. 

FIG. 32A shows further details of a staining run. To schedule a staining run, the staining 
steps are divided Into sub-schedules. each sub-schedule terminating with ad slides incubated in rinse buffer. 
5 The slides to undergo the same staining protocols are then grouped. The program calculates the total 
staining time for each sub-schedule, which is then added to the list of possible "intemipf times. The 
program continues this process for each group. Once all the sub-schedules are built, the program then 
retums to the next function (Reagent Vial Allocation, adding the volumes of reagents required to complete 
the staining run. and assigning the volumes to reagent vials, as previously described (Creating a Staining 
10 Run)). 

FIG. 32B shows how the sub-schedules are built The sub-schedules are divided Into "laps." 
In the first lap, the slide groups are ordered numerically. Once the first lap is completed, the second lap is 
Initiated, In which the slide groups are ordered by Incubation time, with the longest Incubation time first, for 
the specific desired staining protocol. Once the second lap is completed, the third lap is initiated, in which 

1 5 the slide groups are ordered by treatment time, with the shortest treatment time first, for the specific desired 
staining pmtocol. Once the third lap is completed, the fourth lap is initiated, In which the slide groups are 
ordered by the difference of incubation time minus the treatment time (Incubation time - treatment time), with 
the greatest difference first With reference to FIG. 32B, after the fourth lap, subsequent laps start with the 
best schedule from the first four laps and rotate the order of the slide groups by moving the first group to the 

20 end and shifting the other groups up one. 

For each lap, the steps required to treat the first group of slides are assigned as the initial 
entries in the Current Scheduled Array (CSA). The program then selects the next unscheduled slide group 
and attempts to add It to the schedule. If the group does not fit into the schedule, and if all the groups were 
not yet tried, the next group is tried. If all of the groups were tried in the schedule, there is a shift to the next 

25 stage in the Cun-ent Scheduled Array and the scheduling process is repeated. The effect of shifting to the 
next stage usually results in groups that have already been scheduled being Incubated and rinsed before the 
next group of slides is treated. If the group does fit into the schedule, and If all the slide groups are not 
accounted for nor scheduled, the program then repeats the procedure until all the slide groups are 
accounted for. 
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Once all the slide groups are scheduled, Including those groups that contain additional or 
Stat slides, the program then connpares staining times for all the groups to the best-known time, and selects 
the best schedule. For each ordering of groups, an alternate order is created by combining groups wrth the 
same reagent "Combining groups" means making them consecutive, although not necessarily treating them 
as the same group. The first group of a combined group consist of slides from the original order of the 
groups, that is, slides that were pending at the point of interruption. Subsequent groups in the combined 
groups are selected as those using the same reagent, regardless of their positions in the original order. FIG. 
32C, beginning at 2A, shows the routine to achie>Ae the Cunrent Scheduled Anray by adding a sikie, or slide 
group, to the schedule. The schedule starts with the first group from the ordered list. Subsequent groups 
are added to the schedule, where they wilt fit without violating the limits of incubation times for all groups 
already scheduled. If the reagents for the next group to be added are different, the program adds time 
required for cleaning the reagent probe to accommodate the new reagents ("probe clean time"), and then 
the program checks whether the new group action time (a), Is less than or equal to the current schedule 
fixed time F (the incubation time that follows the action time). If the new group action time (a) is not less 
than or equal to the current schedule fixed time, the program ttien checks whether the new group action time 
(a) is less than or equal to the cunnent schedule fixed time (F) plus current schedule variation time (V). If the 
new group action time (a) is not, the program retums the result NO, because it does not fit, and returns to SB 
in FIG. 32B. If the new group action time (a) is less than or equal to the current schedule fixed time (F) plus 
the current schedule variation time (V), the current schedule fixed time (F) is set equal to zero. 
Alternatively, at the outset, ff the new group action time (a) is less than or equal to the cun-ently schedule 
fixed time (F), the cun-ently schedule fixed time (F) becomes equal to itself minus the new group action time . 
(a), and the program continues. 

At this point, the current schedule action time (A) is recalculated by adding the new group 
action time (a) to the existing current schedule action time (A). The program indicates where to add the step 
to accommodate the Stat slide group after the Cun^nt Scheduled Array. If the program is at the end of a 
particular slide group step list (i.e., the list of functions to perfbnm), or is at the end of a Current Scheduled 
Anray, the routine beginning at 5G in FIG. 32G, Is initiated. If not. the routine beginning at 3C in FIG. 32D is 
initiated. 
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With reference to FIG. 32D, beginning at 3C, the program first questions whether the new 
group fix time (f) Is greater than the current schedule fixed time (F) plus the current schedule action time for 
the next stage (A1). If it is not. the program then queries whether it is at the end of a Cunrent Scheduled 
Array and, if so, goes to the function beginning at 5G in FIG. 32G. If it is not at the end of a Cunrent 
5 Scheduled Array, the program then queries whether the accumulated current variable time (Va) is greater 
than or equal to the cunrent schedule variable time (F) plus the current schedule action time for the next 
stage (A1) minus the current schedule variable time (V) for the new slide group. If it is not greater than or 
equal to this number, the program then follows the function shown beginning at 4E in FIG. 32E. If it is 
greater than or equal to this number, the program then takes the cunrent schedule variable time (V) from the 

10 prior stages and adds ft to the new group variable time (v). The program (1 ) sets the temporary current 
schedule fixed time (TF) to the current schedule fixed time (F); (2) sets the current schedule action time for 
the next stage plus motion time (am) by adding the current schedule action time for the next stage (A1} to 
the motion time, (3) calculates the cun-ent schedule fixed time (F) as a function of the maximum of the 
cun-ent schedule fixed time and cunrent schedule action time for the next stage plus motion time (am), and 

1 5 (4) calculates the current schedule variable time (V) as a function of the minimum of the temporary current 
schedule fixed time (TF) plus the cun-ent schedule variable time (V) minus the current schedule fixed time 
(F), and the new group fixed time (f) plus the new group variable time (v) minus current schedule action time 
for the next stage plus motion time (am) minus the cunrent schedule fixed time (F). The program determines 
whether the new group variable time (v) is less than zero. If it is, the program then returns the results NO. 

20 indicating that it did not fit the schedule, and returns to 3B in FIG. 2B. If It Is not, the program then initiates 
the events beginning at 2A in FIG 32C. 

If the new group fixed time (f) is greater than the current schedule fixed time (F) plus the 
action time for the next stage (A1), as shown beginning at 3C in FIG. 32D. the program then queries whether 
the new group fixed time (f) is greater than the cun-ent schedule fixed time (F) plus the current schedule 

25 action time for the next stage (A1) minus the cunrent schedule variable time (V). If it is not greater, the 
program then follows the function beginning at 3D, previously described. If it is greater, the program then 
sets the new group variable time (v) equal to the new group variable time (v) minus the current schedule 
variable time (V). The program queries whether the new group variable time (v) is less than zero. If it is. the 
program resets (1) the current schedule variable time (V) equal to V plus the new group variable time (v), (2) 
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the current schedule fixed time (F) equal to F plus the new group fix time (f), and (3) the new group variable 
time (v) equal to zero. At this point, or If the new group variable time (v) is not less than zero, the program 
sets the accumulated current variable time (Va) by adding Va plus the cun-ent schedule variable time (V), 
and sets the new group fix time (f) equal to (f) minus the current schedule variable time (F) plus the action 

5 time for the next stage (A1 ). The program then sidps to the next stage in the Cunrent Scheduled Array. 

If the accumulated cunrent variable time (Va) is not greater than or equal to the current 
schedule fixed time (F) plus A1 minus the cunBnt schedule variable time (V), the program then initiates the 
routine beginning at 4E in FIG. 32E. The temporary cunrent schedule variable time (TV) is set as the cun-ent 
schedule variable time (V). If the current schedule fixed time (F) is greater than the new fixed time (f) plus 

10 the new group action time for the next stage plus motion time (am), and if F is also greater than f plus am 
minus the new group variable time (v), then (1) the temporary current schedule fixed time (TF) is set equal to 
the current schedule fixed time (F) minus the new fixed time (f), (2) F is set equal to f, and (3) the temporary 
current schedule variable time (TV) is reset to TV minus the new group variable time (v). If TV is less than 
zero, (1) V is reset to v plus TV. (2) f Is reset to f minus TV, (3) TV Is set equal to zero. (4) the cun^nt 

1 5 schedule variable time (V) is set equal to the new group variable time (v), and (6) the accumulated variable 
time (Va) Is reset to Va plus v. If TV is not less than zero, then steps (4) and (6) are followed. A new 
Cun^nt Schedule Array stage is then inserted and (1) the current schedule action time (A) is set equal to the 
new slide action time (a), (2) F is reset equal to TF minus a. and (3) V is reset to equal TV. 

With reference to FIG. 32E when F Is not greater than f plus am. and the input is at the end 

20 of the Slide Step List or Current Schedule An^y (End of Slide Step List or CSA), the routine beginning at 5G 
in FIG. 32G is initiated. If it is not at the end of the Slide Step List or Cun-ent Schedule Array, and Va is not 
equal to or greater than F minus am, and there are no skipped or added stages, then the routine beginning 
at 3D in FIG. 32D is initiated. If there are skipped or added stages, then the routine beginning at 2B In FIG. 
31 is initiated. 

25 If Va is greater than or equal to F minus am. then the cun-ent schedule variable time (V) 

from the inserted stages is added to the new group variable time (v). This is followed by (1) resetting TF to 
equal F, (2) resetting F to equal the maximum of the function of the new group fixed time (f) and F minus 
am, and (3) resetting V to equal the minimum of the function of the new group fixed time (f) plus v minus F, 
and TF plus V minus am minus F. Eariier in routine 4E, if F is not greater than f plus am minus v, then 
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previous steps (1 ), (2) and (3) are performed. If the new group variable time (v) Is less tlian zero, then the 
program returns the result NO, because the group did not fit, and returns to routine 3B in FIG. 32B. If the 
new group variable time (v) Is not less than zero, then the program (1 ) shifts to the Next Slide Step and 
Current Schedule Array stage, and (2) inlUates the routine beginning at 5F In FIG. 32F. 

5 With reference to the routine beginning at 5F, the initial query is whether the new group fixed 

lime (f) is less than the current schedule action «me (A), If the answer is yes, then the query Is whether the 
new group fixed time (f) is less than the current schedule action time (A) minus the new group variable time 
(v). If the answer to this second question is yes, then the program returns the result NO, because the group 
did not fit, the program returns to the routine beginning at 3B In FIG. 328. If It is not, or if the answer Is no to 

1 0 the question at the beginning of 5F, then (1 ) the new group variable time (v) is set equal to the new group 
fixed time (f) minus the current schedule action time, (2) the new group fixed time (f) is set to zero, and (3) 
the current schedule action time (A) is reset to A plus the new group action time for the next stage plus the 
motion time (am). The program then notes where to add the step before the Cun-ent Schedule Array and 
retums to the routine beginning at 28 in FIG. 31 . 

15 When the routine beginning at 5G in FIG. 32G Is initiated, and the function is at the end of 

the Current Scheduled Array, then the anay stage for each new slide is added (Add CSA Stage for Each 
New Slide Step). Specifically, the steps beginning at 2A In FIG. 32C, and beginning at 5F In FIG. 32F. are 
appended to their coaesponding steps In the Cun-ent Schedule Anray. a YES result is retumed, and the 
routine retums to 3B in FIG. 328. If It is not the end of the Cun^nt Schedule Array, then all new steps are 

20 added to the Current Schedule An^y, a YES result is retumed, and the routine retums to 3B In FIG. 32B. 

The foregoing has described a method and apparatus for automatic tissue and cell 
preparation staining. It is contemplated that changes and modifications may be made by one of ordinary sl<ill 
in the art, to the materials and an^ngements of elements of the present Invention without departing from the 
scope of the Invention. 



25 
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What is claimed is: 

1 . A computer program product comprising a computer usable medium having computer 
readable code embodied therein for automatically staining a plurality of slides each having a specimen 
thereon and contained on a slide rack, the computer usable medium comprising means selected from the 
group consisting of means for providing a rinse buffer, means for providing an unstable reagent, means for 

5 switching waste between a hazardous waste and a non-hazardous waste, means for blocldng staining of an 
endogenous enzyme, means for blocking staining of a protein, means for providing a primary antibody, 
means for providing a secondary reagent, means for providing a labeled polymer, means for provicfing a 
detection Icit, means for assigning a reagent to a slide, means for checking compatibility of reagents, means 
for locating at least one location on said slide for dispensing a reagent, means for efficiently dispensing a 

1 0 reagent to a plurality of said slides, means for proving a reagent layout map, means for providing an auxiliary 
function, means for staining a stat slide concurrently with or prior to said slides In process, and combinations 
thereof. 

2. The computer program product of daim 1 wherein said means for providing an unstable 
reagent comprises a first phase prior to application of said unstable reagent and a second phase batching 

1 5 staining steps starting with application of said unstable reagent 

3. The computer program product of claim 1 further comprising stopping said autostainer after 
said first phase and alerting said user to provide said unstable reagent to said autostainer. 

4. The computer program product of claim 1 wherein said means for switching waste is 
preceded by means to effect a rinse step. 

20 5. The computer program product of claim 1 wherein said means for assigning a reagent to a 

slide Is selected from the group consisting of selecting said slide and editing said reagent pre-selected for 
said slide, and selecting a list of said reagents and selecting a reagent from said list. 
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6. The computer program product of claim 1 wherein said means for checking compatibility 
comprises testing species reactivity compatibility of a primary antibody and a secondary reagent, and testing 
enzyme system compatibility. 

7. The computer program product of claim 1 wherein said means for efficiently calculating 
5 reagent dispensing comprises 

determining said slides in each step to be stained with the same reagents and for the same 

time; 

grouping said slides Into at least a first and a second grouping; 

assigning a protocol scheduling number to said first grouping of slides; 
1 0 creating an array for said first grouping of slides comprising an action time to withdraw and 

dispense reagent, a fixed time to incubate said slides with said reagent, and a variable time that is 10% of 
said fixed time; and 

testing said second grouping of slides to determine if said second grouping of slides fits into 

said an^y; and 

15 advancing to a subsequent stage in said array and then retrying testing said second 

grouping of slides of detemnine if said second grouping of slides fits into said an^y. 

8. The computer program product of claim 7 further comprising building sub-schedules for said 
second grouping of slides. 

9. A method of operating an autostainer comprising: 

20 providing at least one first processing protocol for processing a plurality of first slides; 

determining a first processing schedule for said plurality of first slides from said at least one 
first processing protocol; 

processing said plurality of first slides according to said first processing schedule; 

interrupting the processing of said plurality of first slides before completion of said first 
25 processing schedule; 

spedlying a second processing protocol for a second slide; and 
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determinlng a second processing schedule from said at least one first processing protocol 
and said second processing protocol; and 

resuming the processing of said first plurality of slides and said second slides according to 
said second processing schedule. 

5 1 0. The method of claim 9 wherein ^e step of determining said second processing schedule 

includes comparing the compatibility of said second processing protocol with said at least one first 
processing protocol. 

1 1 . The method of claim 9 further wherein the step of resuming the processing further 

comprises processing said second slide before processing said first plurality of slides. 

10 12. The method of claim 9 wherein the step of resuming the processing further comprises 

processing said first plurality of slides and said second slide concurrently. 

13. The method of claim 9 wherein the step of specifying said second processing protocol 

further comprises selecting a plurality of slide preparation steps using a graphical user interface. 



14. The method of claim 9 further comprising, before the step of detennlning said second 
1 5 processing schedule, the steps of: 

displaying reagent information for said second processing protocol; and 

providing additional reagents appropriate for accomplishing said second processing 

schedule. 

15. A computer program product comprising a computer usable medium having computer 
20 readable code embodied therein for interrupting the processing of pending slides by an autostainer and 

programming additional slides for processing using means to interrupt said processing of slides, means to 
select processing protocols for said additional slides, means to schedule processing of said pending and 
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additional slides to generate a processing scliedule, and means to enable processing of pending and 
additionai slides. 

16. Tlie product of claim 15 wherein said means to Interrupt processing of pending slides 
comprises enabling a stat function and thereafter determining a time in said processing for processing said 

5 additional slide. 

17. The product of claim 16 further comprising means for selecting whether to process 
additional slides prior to or concunrently with said pending slides. 

18. The product of claim 15 wherein said means to select processing protocols for said 
additionai slides comprises selecting methods and reagents for said additional slides. 

10 19. The product of claim 15 wherein said means to schedule processing of slides comprises 

detemnining compatible processing protocols among the pending sildes and additional slides; grouping slides 
for processing; fbmiing sub-schedules for the slide groups; and detenninlng a time to initiate processing 
from the sub-schedules. 

20. The product of claim 15 wherein said means to enable processing of slides comprises 
15 processing said slides according to said processing schedule. 

21 . A computer program product for an autostainer com prising: 

a first computer readable code operable to process a plurality of first sildes according to a 
first processing schedule from at least one first processing protocol, a second computer readable code 
operable to interrupt said first processing schedule, a third computer readable code operable to select a 
20 second processing protocol for a second slide, a fourth computer readable code operable to generate a 
second processing schedule from said at least one first protocol and said second protocol, and a fifth 
computer readable code operable to enable processing of said plurality of first slides and said second slide 
according to said second processing schedule; and 
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a computer readable medium that stores said first, second, third, fourth and fifth 
computer readable codes. 

22, The product of claim 21 wherein second computer readable code further comprises 

computer-readable instructions enabling a stat function. 

5 23. The product of claim 22 further comprising a sixth computer readable code operable to 

select whether to process said second slide prior to or concurrently with said plurality of first slides, said 
computer readable medium further storing the sixth computer readable code. 

24. The product of claim 21 wherein said third computer readable code further comprises 
computer-readable instructions for selecting a method and at least one reagent for said second 

10 processing protocol. 

25. The product of claim 21 wherein fourth computer readable code further comprises: 
computer-readable instructions for comparing said at least one first protocol and said 

second protocol; 

computer-readable instructions for grouping slides according to the result of the step of 
1 5 dditiparing In a plurality of slide gmups for processing; 

computer-readable instructions for fomning sub-schedules from said slide groups; and 
computer-readable instaictlons for detenmining a time to initiate processing of said 
plurality of first slides and said second slide according to the sub-schedules. 

26. An autostainer comprising 

20 an automatic staining apparatus having capacity for a plurality of slides and dispensing 

reagents onto said slides, said autostainer responsive to a set of electrical commands, said plurality of 
slides comprising a first set of slides, a second set of slides, and at least one stat slide; 

a computer system coupled to said autostainer for delivering said set of electrical 

comrhands; and 

25 an autostainer control program executing a first set of programmable protocol steps for 

said first set of said slides, a second set of programmable protocol steps for said second set of said 
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slides, and a set of programmable protocol steps to interrupt said protocol steps for said first and second set 
of said slides and include said stat slide in said protocol. 

27. The apparatus of claim 26 further comprising an autostainer protocol editor program, said 
autostalner protocol editor program for programming said first and said second set of programmable 

5 protocol steps for said first and said second set of said slides, respectively. 

28. An apparatus for processing slides comprising: 

a reagent rack for storing a plurality of different reagents; 
a slide rack for holding a plurality of first slides; and 

a robotic motion control system, said robotic motion control system having a probe for 
1 0 dispensing reagent from said reagent rack onto said first slides according to a first processing schedule, said 
control system adapted to Interrupt the first processing schedule for adding a second slide to said slide rack 
and to calculate a second processing schedule for said plurality of first slides and said second slide. 

29. The apparatus of claim 28 further comprising a control program for determining said first 
15 and said second processing schedules. 
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CREATE GROUPS BY GROUPING SLIDES USING 

SAME REAGENTS AND INCUBATION TIMES. 
ASSIGN SAME PROTOCOL SCHEDULING NUMBER 
• TO GROUP WITH SAME INCUBATION TIMES 



I 



-^05 



MAKE FIRST GROUP CURRENTLY SCHEDULED ARRAY(C.SA) ^ 



SELECT RRST SCHEDULED GROUP 



SELECT NEXT GROUP 

WITH DIFFERENT 
PROTOCOL NUMBER 



m 




SHIFT TO NEXT 
STAGE IN (C.S.A.) 



FIG. 21 
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Add group 
to schedule 




Add motion time and. 
if new reagent, add 

probe clean tinrie to 'a- 



Yes 



F=F-a 




a=new group action time 
f = new group fixed time 
v=new group varible time 
A= current schedule action time 
F= current schedule fixed time 
V=current schedule variation 
A1 ="A" for next stage 
a1 =*a' for next stage 



Return failed) 



F=0 



A=A+a 



Note where to add 




Figure 22a 
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Add New Group (cont.) 




V=V+v 
F=F-V 
V-0 



Take V from Prior 
stages and add to v 



Accumulate 
V(Va) 



tempF=F 

am=A1 amotion time 
F — max(F. am) 
V = miPi (t emp 4- V- F. 

f-hV-am-F 



f=f-(F+A1) 



Shift to next stage in C.S.A. 
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TV=V 



NF= 


=F-f 


F= 


=f 


> 


f 


TV= 


TV-v 




V=v 



|va=va4-'vl 



Add New Group (cont.) 

TV=Temporary V 
am = a1 = Motion Time 




Insert C.S.A. stage 
A=a 
F=NF-a 
V=1V 




Take V from 
inserted stages 
and add to v 



tempF=i=F 
F=max(f. F-am) 
V=min(f+v-F), 
tempF-i-V-am-F 





Shift to next 
stage in both 

Figure 22c 



wo 03/052386 



PCT/US02/36247 



29/41 

Add New Group (cont.) 




v=f-A 



f-0 



A=A-i-am 



Note where to 
add step before 
C.S.A. stage 




Figure 22d 



Add steps to 
C.S.A. where noted 
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/["USERCLICKS 
V^STAf SLIDES 



D 




ENABLE "STAT" AND 
DISABLE "NEW PROGRAM" 
AND "REVIEW PROGRAM" 
BUTTONS 



DISABLE "STAT" AND 
ENABLE "NEW PROGRAM" 
AND "REVIEW PROGRAM" 
BUTTONS 



T 




CONVERT TIME-UNDL 
NEXT INTERRUPT TO 
"hhjmm" AND DISPLAY ON 
"STAT SLIDES" BUTTON 



RETURN^ 



J 



(UPDATE "OTHER" TIMES) | 



FIG. 29 



/^EGiFTsrSFiNGN 

V RUN J 



m. 30 



RETURN^ 



INCREMENT RUN 
SCHEDULE INDEX 



DISPLAY "READY FOR 
STAT SLIDES" AND AWAIT 
REPLY 



DISPLAY "READY TO 
UNLOAD" AND AWAIT 
REPLY 





(^END RUN^ 



UNLOAD STAT SLIDES | 



DISABLE DELAYED 
START 



FIG. 28 
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DISPLAY MAIN GRID 
WITH CURRENT SLIDES 
DISABLED 



ACCEPT ANY PROGRAMMING 




DISPLAY "FINISH STAT 
SLIDES FlRSf 




ADD NULL STEPS BEFORE 
CURRENT SLIDES AND AFTER STAT 
SLIDES TREATMENT STEPS 








MERGE STA^ 
CURRENT SL 
COMBINED 


r SUDES AND 
.IDES INTO A 
PROGRAM 



SCHEDULE 
STAINING RUN 






REUSE REAGENT RACKS 
FOR VIAL ASSIGNMENTS 







FIG. 31 ® 
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C SCHEDULE ^ 
V STAINING RUN J 



DIVIDE STEPS INTO 
SUBSCHEDULES 
(WHERE ALL SLIDES WILL 
BE IN RINSE BUFFER) 



GROUP SLIDES WITH 
SAME PROTOCOLS 



E 



INCREMENT 
LAP 



/ BUILD NEXT \ 
\ SUBSCHEDULE / 

T 



ADD TOTAL TIME TO 
LIST OF INTERRUPT TIMES 




(^RETURN^ 

FIG. 32A 



FIG. 32B 




NUMERICAL ORDER | —* 



LONGEST TOTAL 
INCUBATION TIME 



SHORTEST 
TREATMENT TIME 



GREATEST 
INCUBATION MINUS 
TREATMENT TIME 



RETURN BEST 
SCHEDULE 



) 



SHIFT SLIDE 
ORDER 

~?= 



ORDER GROUPS 
BY SAME REAGENT 



FIRST SLIDE DERNES CURRENTLY 

SCHEDULED ARRAY (CSA) 

I = 



SELECT NEXT 
UNSCHEDULED SLIDE GROUP 




SAVE AS BEST 
SCHEDULE 



SHIFT TO NEXT 
STAGE IN CSA 



ORDER BY^ 
5AME REAGE 
? 
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- 2A 



/'ADD SLIDE TO A 
V SCHEDULE J 



IF DIFFERENT REAGENT, 
ADD PROBE CLEAN TIME 




Y , 




F=F-a 


F=0 


1 








A=A+a 



NOTE WHERE TO ADD 
STEP AFTER CSA STAGE 




FIG. 320 
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TV=V 




V=V+TV 
f=f-TV 
TV=0 



V=v 
Va=Va+v 




INSERT CSA STAGE 
A=a 
F=TF-a 
V=TV 



FIG. 32E 



TAKE V FROM INSERTED 
STAGES AND ADD TO v 



TF=F 

F=MAX(f, F-am) 
V=MIN(f+v-F, 

TF+V-om-F) 




RETURN NO 



0 



SHIFT TO NEXT SLIDE 
STEP AND CSA STAGE 
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NOTE WHERE TO 
ADD STEP BEFORE 
CSA STAGE 



RETURN NO^ 




ADD CSA STAGE FOR 
EACH NEW SUDE STEP 



ADD STEPS TO 
CSA WHERE NOTED 



(return yes) 



FIG. 32F 



FIG. 32G 
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